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IURP LVFKHPLD LV D NH\ SRLQW IRU WKH UHVHDUFK DW
SUHVHQW ,Q WKH SDVW LW ZDV XQLYHUVDOO\ DFNQRZ
OHGJHG WKDW WKH QHXURQV RI WKH FHQWUDO QHUYRXV
V\VWHP FRXOG QRW EH UHJHQHUDWHG %XW LQ UHFHQW \HDUV
WKH GLVFRYHU\ DQG DSSOLFDWLRQ RI WKH QHUYH VWHP FHOOV
16& EULQJ D QHZ KRSH WR WKH UHSDLU RI QHUYRXV
OHVLRQV  $FXSXQFWXUH LV RQH RI WKH PDLQ PHWKRGV
IRU WUHDWPHQW RI FHUHEUDO LVFKHPLD &HUWDLQ SRLQWV RI
WKH &RQFHSWLRQ 9HVVHO PD\ VKRZ HIIHFWV IRU
WUHDWPHQW RI VWURNH DQG WKH YHVVHO DOVR KDV WKH
IXQFWLRQ RI UHJXODWLQJ HPEU\RQLF GHYHORSPHQW 7KH
SUHVHQW VWXG\ ZDV GHVLJQHG WR SUREH LQWR ZKHWKHU RU
QRW WKH DERYH IXQFWLRQV DUH FRUUHODWHG WR WKH
SUROLIHUDWLRQ DQG GLIIHUHQWLDWLRQ RI 16&
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7KLUW\VL[ PDOH :LVWDU UDWV ZHLJKLQJ f  J
ZHUH VXSSOLHG E\ WKH &HQWHU RI ([SHULPHQWDO
$QLPDOV 6XQ <DWVHQ 0HGLFDO &ROOHJH RI 6XQ <DW
VHQ 8QLYHUVLW\ 7KH\ ZHUH DQHVWKHWL]HG ZLWK
LQWUDSHULWRQHDO LQMHFWLRQ RI  FKORUDO K\GUDWH
PJJ ERG\ ZHLJKW DQG WRRN D GRUVDO SRVLWLRQ
RQ DQ RSHUDWLRQ WDEOH 7KH PHGLDQ OLQH RI QHFN ZDV
LQFLVHG DQG WKH ULJKW FRPPRQ FDURWLG DUWHU\ &&$
H[WHUQDO FDURWLG DUWHU\ (&$ DQG LQWHUQDO FDURWLG
DUWHU\ ,&$ ZHUH VHSDUDWHG DQG WKH EUDQFK RI (&$
ZDV EXUQHG RXW ZLWK DQ HOHFWULF FDXWHU\ (&$ ZDV
-RXUQDO RI 7UDGLWLRQDO &KLQHVH 0HGLFLQH    
OLJDWXUHG ZLWK D VHJPHQW RI WKH PDLQ WUXQN RI (&$
IUHH 7KH SWHU\JRSDODWLQH DUWHU\ ZDV GRZQZDUG
VHSDUDWHG DORQJ ,&$ DQG D WKUHDG ZDV SDVVHG
WKURXJK WKH VWDUWLQJ SRLQW DQG OLJDWXUHG 7KH
SUHSDUHG Q\ORQ WKUHDGV  PP LQ GLDPHWHU ZDV
LQVHUWHG LQWR (&$ DQG ZHQW LQWR WKH EUDLQ SDVWLQJ
WKURXJK ,&$ IURP WKH EUDQFKLQJ RI &&$ :KHQ WKH
Q\ORQ WKUHDG ZDV LQVHUWHG WR D GHSWK RI DERXW 
f  PP DQG WKH RSHUDWRU KDG D IHHOLQJ RI
UHVLVWDQFH LW ZDV LQGLFDWHG WKDW WKH Q\ORQ WKUHDG KDG
UHDFKHG WR WKH DQWHULRU FHUHEUDO DUWHU\ $&$ DQG
WKH EORRG IORZ RI PLGGOH FHUHEUDO DUWHU\ 0&$ RQ
WKLV VLGH KDV EHHQ EORFNHG $IWHU LVFKHPLD IRU 
KRXUV UHSHUIXVLRQ ZDV FRQGXFWHG ZLWK WKH Q\ORQ
WKUHDG ZLWKGUDZQ WKHQ EORRG VXSSO\ RI 0&$ ZDV
UHVWRUHG  7KH QHXURORJLFDO VFRUHV ZHUH HYDOXDWHG LQ
UHIHUHQFH WR /RQJD¶V PHWKRG LQ ZKLFK WKH
QHXURORJLFDO GHIHFWLYH GHJUHHV ZHUH GLYLGHG LQWR
ILYH JUDGHV  SRLQW IRU QR QHXURORJLFDO GHIHFW
V\PSWRPV  SRLQW IRU PLOG QHXURORJLFDO GHIHFW
XQDEOH WR FRPSOHWHO\ H[WHQG WKH OHIW DQWHULRU FODZ 
SRLQWV IRU PRGHUDWH IRFDO QHXURORJLFDO GHIHFW
WXUQLQJ URXQG WRZDUG WKH OHIW  SRLQWV IRU VHYHUH
IRFDO QHXURORJLFDO GHIHFW IDOOLQJ RYHU WRZDUG WKH OHIW
 SRLQWV IRU LQDELOLW\ WR VSRQWDQHRXVO\ ZDON ZLWK
FRQVFLRXVQHVV OHYHO GHFUHDVLQJ $IWHU UHSHU IXVLRQ
WKH UDWV ZLWK WKH QHXURORJLFDO VFRUH RI  SRLQWV
ZHUH UHJDUGHG DV WKH VXFFHVVIXO PRGHOV
*URXSLQJ DQG SURFHVVLQJ
7KH WKLUW\VL[ H[SHULPHQWDO UDWV ZHUH UDQGRPO\
GLYLGHG LQWR DQ HOHFWURDFXSXQFWXUH ($ JURXS DQG
DQ RSHUDWLRQ FRQWURO JURXS DQG WKHQ HDFK RI WKH WZR
JURXSV ZDV UDQGRPO\ GLYLGHG IXUWKHU LQWR  VXE
JURXSV GD\ JURXS GD\ JURXS DQG GD\
JURXS $OWRJHWKHU WKHUH ZHUH  VXEJURXSV LH GD\
($ JURXS 5G JURXS GD\ ($ JURXS 5G
JURXS GD\ ($ JURXS 5G JURXS GD\
FRQWURO JURXS &G JURXS GD\ FRQWURO JURXS
&G JURXS DQG GD\ FRQWURO JURXS &G
JURXS ZLWK  UDWV LQ HDFK RI WKH VXEJURXSV ,Q WKH
($ JURXSV RQ WKH VHFRQG GD\ DIWHU RSHUDWLRQ ($
ZDV JLYHQ DW *XDQ\XDQ &9  4LKDL &9  DQG
&KHQJMLDQJ &9  DFFRUGLQJ WR WKH ORFDWLRQV
GHVFULEHG LQ ([SHULPHQWDO $FXSXQFWXUH 	
0R[LEXVWLRQ ᅲ偠䩜♌ᄺ SXEOLVKHG E\ 6KDQJKDL
3XEOLVKLQJ +RXVH RI 6FLHQFH DQG 7HFKQRORJ\ LQ
 ZLWK D * HOHFWURDFXSXQFWXUH LQVWUXPHQW
GHOLYHULQJ VSDUVHGHQVH ZDYH DQG WKH ORFDO PXVFOHV
VKRZLQJ SXOVDWLRQV  PLQXWHV ODWHU WKH QHHGOHV
ZHUH ZLWKGUDZQ 7KH UDWV LQ WKH FRQWURO JURXS ZHUH
IL[HG RQ D ZRRG WDEOH WKH VDPH DV WKH ($ JURXSV IRU
 PLQXWHV EXW JLYHQ QR DFXSXQFWXUH 7KH UDWV ZHUH
VDFULILFHG UHVSHFWLYHO\   DQG  GD\V ODWHU
$GPLQLVWUDWLRQ
7KH %URPRGHR[\XULGLQH %UGX %RVKLGH &RP
SDQ\ ZDV UHVROYHG LQ VDOLQH VROXWLRQ FRQWDLQLQJ 
J/ VRGLXP K\GUR[LGH ZKLFK ZDV SUHSDUHG MXVW
EHIRUH LQMHFWLRQ ,W ZDV LQMHFWHG LQWUDSHULWRQHDOO\ IRU
 GD\V DW D GRVDJH RI  PJNJ HDFK VHVVLRQ EHIRUH
VFDULILFDWLRQ WKULFH HDFK GD\ RQFH HYHU\  KRXUV
DQG WKH UDWV ZHUH VDFULILFHG DW WKH VHFRQG GD\ DIWHU
WKH ODVW LQMHFWLRQ
6DPSOLQJ
7KH UDWV DIWHU DGPLQLVWUDWLRQ RI %UGX ZHUH
DQHVWKHWL]HG ZLWK LQWUDSHULWRQHDO LQMHFWLRQ RI 
FKORUDO K\GUDWH DQG  PO VDOLQH ZDV UDSLGO\
SHUIXVHG WKURXJK WKH OHIW YHQWULFOHDVFHQGLQJ DRUWD
7KHQ  PO  PRO/ SKRVSKDWH EXIIHU
VROXVLRQ 3%6 S+ FRQWDLQLQJ  SDUD
IRUPDOGHK\GH ZDV JLYHQ ZLWKLQ  PLQXWHV IRU
LQWHUQDO IL[DWLRQ $IWHU WKDW WKH IL[HG UDWV ZHUH
SODFHG RQ D EUDLQ VWHUHRWD[LF LQVWUXPHQW WKH
FRURQDU\ VHFWLRQ ZDV PDGH DW ,QWHUDXUDO  PP DQG
,QWHUDXUDO PP DQG WKH EUDLQ ZDV UHPRYHG 7KH
EUDLQ WLVVXH EHWZHHQ WKH FURVV VHFWLRQV ZDV SXW LQ D
VDPH IL[HG VROXWLRQ DW ć IRU  KRXUV DQG WKHQ
WKH WLVVXH ZDV SXW LQWR  PRO/ 3%6 FRQWDLQLQJ
 VXFURVH DW ć $IWHU WKH EUDLQ WLVVXH VHW WR WKH
ERWWRP IUR]HQ VHFWLRQV ZHUH PDGH LQ D WKLFNQHVV RI
 嘕P DQG RQH VHFWLRQ ZDV WDNHQ ZLWK LQWHUYDO RI 
VHFWLRQV 7KH VHFWLRQV ZHUH FROOHFWHG DQG GLYLGHG
LQWR  JURXSV 7KH VHFWLRQV RI WKH ILUVW JURXS ZHUH
XVHG IRU %UGX LPPXQRIOXRUHVFHQFH ODEHOLQJ WKH
VHFRQG JURXS IRU %UGXJOLDO ILEULOODU\ DFLGLF SURWHLQ
*)$3 LPPXQRIOXRUHVFHQFH GRXEOH ODEHOLQJ WKH
WKLUG JURXS IRU %UGX1HVWLQ LPPXQRIOXRUHVFHQFH
GRXEOH ODEHOLQJ DQG WKH IRXUWK JURXS IRU
-RXUQDO RI 7UDGLWLRQDO &KLQHVH 0HGLFLQH   
%UGXQHXURQ VSHFLILF HQRODVH 1VH LPPXQR
IOXRUHVFHQFH GRXEOH ODEHOLQJ
+LVWRFKHPLFDO VWDLQLQJ
 %UGX LPPXQRIOXRUHVFHQFH GRXEOH ODEHOLQJ 7KH
VHFWLRQV ZHUH SXW LQ  PRO/ 3%6 S+  IRU
ZDVKLQJ  WLPHV  PLQXWHV HDFK WLPH LPPHUJHG LQ
 K\GURJHQ SHUR[LGH DW ć IRU  PLQXWHV IRU
LQDFWLYDWLQJ WKH HQGRJHQRXV SHUR[LGDVH ZDVKHG 
WLPHV ZLWK  PRO/ 3%6  PLQXWHV HDFK WLPH
SXW LQ  IRUPDPLGHIROG RI VROXVLRQ RI VRGLXP
FLWUDWH K\EULGL]DWLRQ 66& DQG SURFHVVHG IRU K LQ
D LQFXEDWRU DW ć ZDVKHG WZLFH ZLWK IROG 66&
 PLQXWHV HDFK WLPH ZDVKHG WZLFH ZLWK PRO/
3%6  PLQXWHV HDFK WLPH SURFHVVHG  KRXU ZLWK
J/ +&O DW ć  ZDVKHG WZLFH ZLWK PRO/
ERUDWH EXIIHU S+   PLQXWHV HDFK WLPH ZDVKHG
WZLFH ZLWK  PRO/ %36 ZDVKHG ZLWK  ERYLQH
VHUXP DOEXPLQ %6$ SUHSDUHG ZLWK  PRO/
3%6 FRQWDLQLQJ  7ULWRQ; DW ć IRU 
PLQXWHV IRU EORFNLQJ WKH QRQVSHFLILF DQWLJHQ $QWL
%UGX PRQFORQDO DQWLERG\ RI PRXVH 6LJPD
&RPSDQ\  SUHSDUHG ZLWK  %6$ ZDV
LQFXEDWHG DW ć IRU  KRXUV DQG WKHQ SODFHG LQ D
UHIULJHUDWRU DW ć RYHUQLJKW DW WKH VHFRQG GD\ WKH
VHFWLRQV ZHUH ZDVKHG  WLPHV ZLWK  PRO/ 3%6
S+   PLQXWHV HDFK WLPH DQWLPRXVH ,J*&\
UHG IOXRUHVFHQW VHFRQG DQWLERG\ RI VKHHS 6LJPD
&RPSDQ\  ZDV LQFXEDWHG DW ć IRU  KRXU
ZDVKHG  WLPHV ZLWK 3%6  PLQXWHV HDFK WLPH DIWHU
VWLFNLQJ RQ VOLGHV WKH\ ZHUH SODFHG DW ć IRU 
KRXU DQG WKHQ PRXQWHG ZLWK JO\FHULQ )OXRUHVFHQW
REVHUYDWLRQ ZDV LPPHGLDWHO\ FRQGXFWHG ZLWK SKRWRV
WDNHQ
 %UGX*)$3 LPPXQRIOXRUHVFHQFH GRXEOH ODEHOLQJ
$W WKH ILUVW VWHS %UGX LPPXQHRIOXRUHVFHQFH GRXEOH
ODEHOLQJ ZDV WKH VDPH DV WKH DERYH DQG WKHQ WKH
VHFWLRQV ZHUH SXW LQ  SDUDIRUPDOGHK\GH DW URRP
WHPSHUDWXUH IRU RQH KRXU IRU LQDFWLYDWLQJ DQWLJHQ
ELQGLQJ SRVLWLRQ RI WKH VHFRQG DQWLERG\ LQ WKH ILUVW
VWDLQLQJ WKH VHFWLRQV ZHUH ZDVKHG  WLPHV ZLWK 
PRO/ 3%6  PLQXWHV HDFK WLPH LQFXEDWHG ZLWK
DQWL*)$3 PRQRFORQDO DQWLERG\ RI PRXVH 6LJPD
&RPSDQ\  DW ć IRU  KRXUV DQG WKHQ
SODFHG LQ D UHIULJHUDWRU RYHUQLJKW RQ WKH VHFRQG GD\
WKH VHFWLRQV ZHUH ZDVKHG  WLPHV ZLWK  PRO/
3%6S+  PLQV HDFK WLPH LQFXEDWHG ZLWK DQWL
PRXVH ,J*),7& JUHHQ IOXRUHVFHQW VHFRQG DQWLERG\
RI VKHHS 6LJPD &RPSDQ\  DW ć IRU  K
ZDVKHG  WLPHV ZLWK 3%6  PLQ HDFK WLPH DIWHU
VWLFNLQJ DW WKH VOLGH WKH\ ZHUH NHSW DW ć IRU K
DQG WKHQ PRXQWHG ZLWK JO\FHULQ )OXRUHVFHQW
REVHUYDWLRQ ZDV LPPHGLDWHO\ FRQGXFWHG XQGHU D
ODVHU VFDQLQJ FRQIRFDO PLFURVFRSH ZLWK WKH SKRWRV
WDNHQ
 %UGX1HVWLQ %UGX1VH LPPXQRIOXRUHVFHQFH
GRXEOH ODEHOLQJ 7KH VWHSV ZHUH WKH VDPD DV WKH
%UGX*)$3 LPPXQRIOXRUHVFHQFH GRXEOH ODEHOLQJ
7KH VHFWLRQV DIWHU %UGX LPPXQRIOXRUHVFHQFH
ODEHOLQJ ZHUH SURFHVVHG ZLWK  SDUDIRUPDOGHK\GH
DQG WKH\ ZHUH UHVSHFWLYHO\ DGGHG ZLWK DQWL1HVWLQ
PRQRFORQDO DQWLERG\ RI PRXVH &KHPLFRQ
&RPSDQ\  DQG DQWL1VH PRQRFORQDO
DQWLERG\ RI PRXVH /DE 9LVLRQ &RPSDQ\ 
ZKLOH LQ WKH ILUVW VWDLQLQJ DQWLPRXVH ,J*),7&
JUHHQ IOXRUHVFHQW VHFRQG DQWLERG\ RI VKHHS ZDV
DGGHG DQG LQ WKH VHFRQG VWDLQLQJ DQWLPRXVH ,J*
&\ UHG IOXRUHVFHQW VHFRQG DQWLERG\ RI VKHHS ZDV
DGGHG
,Q WKLV H[SHULPHQW  %6$ SUHSDUHG ZLWK 
PRO/ 3%6 FRQWDLQLQJ  7ULWRQ; ZDV
VXEVWLWXWHG IRU WKH ILUVW DQWLERG\ ZKLFK ZDV XVHG DV
WKH QHJDWLYH FRQWURO
$W WKH VDPH WLPH RI WKH IOXRUHVFHQW REVHUYDWLRQ
%UGX SRVLWLYH FHOOV %UGX*)$3 %UGX1HVWLQ DQG
%UGX1VH LPPXQRIOXRUHVFHQFH GRXEOH ODEHOLQJ FHOOV
ZHUH FRXQWHG LQ FHOOVPP
6WDWLVWLFDO PHWKRGV
7KH VRIWZDUH 6366 ZDV XVHG IRU VWDWLVWLFDO
DQDO\VLV 7KH GDWD ZHUH H[SUHVVHG DV PHDQ f
VWDQGDUG GHYLDWLRQ DQG WKH RQHZD\ $129$
DQDO\VLV ZDV FRQGXFWHG
5(68/76
7KH 5G DQG &G JURXSV
-RXUQDO RI 7UDGLWLRQDO &KLQHVH 0HGLFLQH    
,Q WKH 5G DQG &G JURXSV D ORW RI UHG %UGX
SRVLWLYH FHOOV ZHUH IRXQG LQ WKH LQIHULRU ]RQH RI WKH
ODWHUDO YHQWULFOH RQ WKH DIIHFWHG VLGH PDLQO\ LQ WKH
VXSHULRU SDUW DQG XSSHU KRUQ RI WKH ODWHUDO ZDOO RYDO
RU URXQG LQ VKDSH GDUN LQ FRORU DUHDWXV LQ
GLVWULEXWLRQ DQG LQ WKH ODWHUDO XSSHU KRUQ RI WKH
ODWHUDO YHQWULFOH PLJUDWLRQ IORZ ZDV IRUPHG
%UGX*)$3 GRXEOH ODEHOLQJ FHOOV FRXOG EH VHHQ LQ
WKH ODWHUDO XSSHU KRUQ RI WKH ODWHUDO YHQWULFOH LQ WKH
&G DQG 5G JURXSV GHQGULWLF LQ IRUP WKH FHOO
QXFOHXV ZDV RUDQJH LQ FRORU DQG WKH FHOO ERG\
VZROOHQ ZLWK WKLFNHU DQG PRUH V\QDSVH PRVW RI
WKHP ZDV JUHHQ LQ FRORU 7KH %UGX1HVWLQ GRXEOH
ODEHOLQJ FHOOV ZHUH URXJKO\ WKH VDPH DV WKH
%UGX*)$3 GRXEOH ODEHOLQJ FHOOV LQ IRUP DQG
GLVWULEXWLRQ %HFDXVH %UGX SRVLWLYH FHOOV RI WKH
%UGX1HVWLQ GRXEOH ODEHOLQJ VWDLQ ZHUH ODEHOHG ZLWK
JUHHQ IOXRUHVFHQFH DQG 1HVWLQ SRVLWLYH FHOOV ZLWK
UHG IOXRUHVFHQFH WKH FHOO QXFOHXV ZDV RUDQJH LQ
FRORU EXW PRVW RI WKH V\QDSVHV ZHUH UHG LQ FRORU
&RPSDUHG ZLWK WKH &G JURXS QR VLJQLILFDQW
GLIIHUHQFH ZDV IRXQG LQ WKH QXPEHUV RI %UGX
SRVLWLYH FHOOV DQG %UGX*)$3 %UGX1HVWLQ
%UGX1VH GRXEOH ODEHOLQJ FHOOV LQ WKH 5G JURXS
3  3!
7KH 5G JURXS DQG &G JURXS
,Q WKH &G JURXS %UGX SRVLWLYH FHOOV DQG
%UGX1HVWLQ GRXEOH ODEHOLQJ FHOOV LQ WKH LQIHULRU
]RQH RI WKH ODWHUDO YHQWULFOH RQ WKH OHVLRQ VLGH
VLJQLILFDQWO\ UHGXFHG DV FRPSDUHG ZLWK WKRVH LQ WKH
&G JURXS ZLWK DSSHDUDQFH RI WKH %UGX1VH
GRXEOH ODEHOLQJ FHOOV VKXWWOH RU RYDO LQ IRUP WKH FHOO
QXFOHXV RUDQJH DQG WKH F\WRSODVPD DQG V\QDSVH UHG
LQ FRORU WKH V\QDSVHV WKLFN EXW VKRUW DQG OHVV LQ
DPRXQW PDLQO\ GLVWULEXWHG LQ WKH SDUW FORVH WR
VWULDWXP ,Q WKH 5G JURXS WKH %UGX SRVLWLYH FHOOV
DQG %UGX1HVWLQ GRXEOH ODEHOLQJ FHOOV GHFUHDVHG LQ
FHUWDLQ H[WHQW DV FRPSDUHG ZLWK WKRVH LQ WKH 5G
JURXS EXW WKH QXPEHU ZDV REYLRXVO\ KLJKHU DV
FRPSDUHG ZLWK WKRVH LQ WKH &G JURXS
3  3 ,Q ERWK WKH WZR
JURXSV WKH %UGX1VH GRXEOH ODEHOLQJ FHOOV ZHUH
GLVWULEXWHG LQ WKH SDUW FORVH WR WKH VWULDWXP EXW LQ WKH
5G JURXS WKH FHOO QXPEHU ZDV VLJQLILFDQWO\
KLJKHU 3 +RZHYHU WKHUH ZHUH QR VLJQLILFDQW
GLIIHUHQFHV EHWZHHQ WKH WZR JURXSV LQ WKH
%UGX*)$3 GRXEOH ODEHOLQJ FHOOV 3!
7KH 5G DQG &G JURXSV
,W ZDV VKRZQ LQ WKH 7DEOH EHORZ WKDW WKHUH ZHUH
VLJQLILFDQW GLIIHUHQFHV EHWZHHQ WKH & JURXS DQG
WKH 5G JURXS LQ WKH QXPEHU RI %UGX SRVLWLYH FHOOV
DQG %UGX*)$3 %UGX1VH GRXEOH ODEHOLQJ FHOOV
3  3 DQG %UGX1HVWLQ
GRXEOH ODEHOLQJ FHOOV 3  3
7DEOH &RPSDULVRQ RI WKH %UGX*)$3 %UGX1HVWLQ %UGX1VH GRXEOH ODEHOLQJ FHOOV
DQG %UGX SRVLWLYH FHOO FRXQWV DPRQJ WKH JURXSVFHOOPP fV[
&RPSDUHG ZLWK WKH FRQWURO JURXS LQ WKH VDPH GXUDWLRQ 3 3
*URXS 6XEJURXS Q %UGX*)$3 %UGX1HVWLQ %UGX1VH %UGX
&RQWURO
&G  f f f f
&G  f f f f
&G  f f f f
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5G  f f f f
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7KH QHUYH VWHP FHOOV KDYH WKH SRWHQWLDOLW\ RI
GLIIHUHQWLDWLQJ LQWR WKH QHXURQV DQG QHXURJOLDO FHOOV
ZKLFK PD\ SDUWLFLSDWH LQ UHSDLULQJ RI WKH GHIHFWHG
QHUYHV 7KH HQGRJHQRXV QHUYH VWHP FHOOV LQ WKH
DGXOW EUDLQ PDLQO\ H[LVW LQ ERWK WKH GHQWDWH J\UXV RI
-RXUQDO RI 7UDGLWLRQDO &KLQHVH 0HGLFLQH   
KLSSRFDPSXV DQG VXEYHQWULFXODU ]RQH 69= DQG
WKH\ DUH LQ D UHVWLQJ VWDWH XQGHU QRUPDO FRQGLWLRQ 
'LYLVLRQ DQG GLIIHUHQWLDWLRQ PD\ EH LQGXFHG LQ DQ
DEQRUPDO VWDWH RU E\ WKH LQIOXHQFH RI WKH VDPH
IDFWRUV LQ WKH HPEU\RQLF SHULRG )RU H[DPSOH
FHUHEUDO LVFKHPLD DQG YDULRXV JURZWK IDFWRUV FDQ EH
WKH LQGXFLQJ IDFWRUV  %UGX LV DQ DQDORJXH RI
WK\PLGLQH DQG LW FDQ ODEHO WKH V\QWKHVLV RI '1$ LQ
WKH 6 SKDVH RI FHOOV 6R WKH %UGX SRVLWLYH FHOOV FDQ
EH UHJDUGHG DV WKH FHOOV ZLWK SUROLIHUDWLYH DFWLYLW\
'RXEOH ODEHO VWDLQLQJ RI WKH SUROLIHUDWLYH FHOOV FDQ
GHWHUPLQH ZKHWKHU WKH SUROLIHUDWLYH FHOOV DUH QHXURQV
RU JOLDO FHOOV  ([SUHVVLRQ RI 1HVWLQ LQ WKH QHUYRXV
FHOOV VWDUWV IURP WKH HPEU\RQLF SHULRG :KHQ
PLJUDWLRQ RI WKH QHUYRXV FHOOV EDVLFDOO\ FRPSOHWHV
WKH H[SUHVVLRQ VWDUWV WR GHFOLQH DQG VWRSV DORQJ ZLWK
WKH PDWXULW\ RI WKH FHOOV 1VH LV RQH RI WKH PDUNHUV
IRU PDWXUH QHXURQV DQG *)$3 LV RQH RI WKH PDUNHUV
IRU DFWLYDWLRQ DQG SUROLIHUDWLRQ RI WKH DVWURF\WHV ,Q
WKH SUHVHQW VWXG\ WKH %UGX DQG 1UGX*)$3
%UGX1HVWLQ DQG %UGX1VH GRXEOH ODEHOLQJ SRVLWLYH
FHOOV FDQ EH IRXQG LQ WKH UDWV RI FHUHEUDO LVFKHPLD
DQG LQ WKH UDWV ZLWK ($ JLYHQ DW WKH &RQFHSWLRQ
9HVVHO VXJJHVWLQJ WKDW WKH QHUYH VWHP FHOOV FDQ
SUROLIHUDWH LQ FDVH RI WKH FHUHEUDO LVFKHPLD LQMXU\
EXW WKH QXPEHUV RI WKH %UGX SRVLWLYH FHOOV DQG
%UGX1HVWLQ %UGX1VH GRXEOH ODEHOLQJ FHOOV LQ WKH
5G JURXS DQG WKH 5G JURXS ZHUH VLJQLILFDQWO\
GLIIHUHQW IURP WKRVH LQ WKH FRQWURO JURXSV 3
7KH %UGX*)$3 GRXEOH ODEHOLQJ FHOOV LQ WKH 5G
JURXSV ZHUH VLJQLILFDQWO\ PRUH WKDQ WKDW LQ WKH
FRQWURO JURXS &RPSDUHG ZLWK WKDW LQ WKH RSHUDWLRQ
FRQWURO JURXS ($ DW WKH &RQFHSWLRQ 9HVVHO FDQ
VLJQLILFDQWO\ SURPRWH SUROLIHUDWLRQ RI WKH QHUYH VWHP
FHOOV DQG WKH DFWLRQ RI SURPRWLQJ GLIIHUHQWLDWLRQ RI
WKH QHUYH VWHP FHOOV WRZDUGV QHXURQV DQG DVWURF\WHV
LV VWURQJHU LQ WKH ($ JURXS WKDQ WKDW LQ WKH FRQWURO
JURXS 7KHVH DFWLRQV PDLQO\ PDQLIHVW LQ  GD\V
DIWHU UHSHUIXVLRQ ,Q DGGLWLRQ LW ZDV IRXQG WKDW WKH
QHUYH VWHP FHOOV ZHUH GLIIHUHQWLDWHG PRUH WRZDUGV
JOLDO FHOOV DQG WKH DFWLRQ ZDV VWURQJHU LQ WKH 5G
JURXS WKDQ WKDW LQ WKH &G JURXS
,Q DOPRVW WKH HQWLUH SDWKRORJLFDO FRXUVH RI WKH
FHQWUDO QHUYRXV V\VWHP WKH FKDQJHV LQ IRUPV DQG
IXQFWLRQV RI WKH DVWURF\WHV FDQ EH REVHUYHG 
7UDGLWLRQDOO\ LW LV KHOG WKDW WKH DVWURF\WHV IXQFWLRQ WR
LQDFWLYDWH WKH UHOHDVHG QHXURWUDQVPLWWHUV WKURXJK D
UDSLG UHXSWDNH WR IRUP WKH EORRGEUDLQ EDUULHU DQG
NHHS D EDODQFH EHWZHHQ ZDWHU DQG LRQ VR DV WR
PDLQWDLQ VWDELOLW\ RI WKH ORFDO PLFURFLUFXODWLRQ XQGHU
SK\VLRORJLFDO VWDWH  $ORQJ ZLWK GHHS UHVHDUFK LW LV
IRXQG WKDW WKH DVWURF\WHV FDQ PDLQWDLQ VHOI
VWDEOL]DWLRQ DURXQG WKH V\QDSVHV SDUWLFLSDWH LQ
WUDQVPLVVLRQ RI WKH QHUYRXV LQIRUPDWLRQ DQG SOD\ D
NH\ UROH LQ HVWDEOLVKPHQW RI WKH V\QDSVHV EHWZHHQ
QHXURQV DQG PDLQWHQDQFH RI WKH WUDQVPLVVLRQ
IXQFWLRQ LQ UHJHQHUDWLRQ RI WKH QHUYHV $VWURF\WHV
KDYH UHFHSWRUV IRU DOO WKH QHXURWUDQVPLWWHUV DQG ZLWK
WKH HOHFWULF YROWDJH VHQVLWLYH LRQ SDWKZD\ VR WKDW
WKH\ FDQ PDNH UHVSRQVH WR WKH QHXURQDO VLJQDOV
$VWURF\WHV FDQ DOVR SOD\ DQ LPSRUWDQW UROH LQ QHUYH
UHPRGHOLQJ VXSSRUW WKH V\QDSWLF JHUPLQDWLRQ WR
IRUP QHZ PXOWLV\QDSWLF MRLQWV DQG PDLQWDLQ WKH
H[LVWLQJ QHXURQDO FLUFXLW  5HFHQW VWXGLHV LQGLFDWH
WKDW DIWHU LQMXU\ RI WKH QHUYRXV V\VWHP WKH
UHVSRQVLYH DVWURF\WHV FDQ V\QWKHVL]H DQG UHOHDVH
PDQ\ NLQGV RI QHXURWURSKLF IDFWRUV VXFK DV WKH
QHUYH JURZWK IDFWRU DONDOLQH ILEUREODVW JURZWK
IDFWRU DQG VR RQ ZKLFK KDYH WKH IXQFWLRQV RI
SURPRWLQJ QHUYH UHJHQHUDWLRQ DQG HQKDQFLQJ WKH
SUROLIHUDWLRQ DQG PLJUDWLRQ DELOLWLHV RI DGXOW QHUYH
VWHP FHOOV LQ WKH VXEYHQWULFOH ]RQH DQG GHQWDWH
J\UXV RI KLSSRFDPSXV  ,Q UHFHQW \HDUV WKH VWXGLHV
RQ SLP NLQDVH KDYH DWWUDFWHG PRUH DQG PRUH
DWWHQWLRQ 7KH SLP IDPLO\ LQFOXGHV SLP SLP DQG
SLP DQG WKH SLP SURWHLQV FDQ VHUYH DV WKH
DFWLYDWRU IRU PRQRJURZWK IDFWRU RU FRRSHUDWLYH
VLJQDO SDWKZD\ ZKLFK SOD\V DQ LPSRUWDQW UROH LQ
UHJXODWLRQ DQG FRQWURO RI JURZWK IDFWRUV  $OVR
SLP NLQDVH SOD\V DQ LPSRUWDQW UROH LQ GLIIHUHQWLDWLRQ
RI FHOOV $ VWXG\ SURYHV WKDW D VKRUWWHUP H[SUHVVLRQ
RI SLP NLQDVH LQ WKH GLIIHUHQWLDWLQJ QHUYRXV
DUFKHRF\WHV LQGXFHV DQ LQFUHDVH RI *)$3 H[SUHVVLRQ
FHOOV DQG WKH H[SUHVVLRQ RI SLP NLQDVH LQGXFHV
DFFHOHUDWLRQ RI H[WHUQDO JURZWK ILQDOO\ OHDGLQJ WR D
PRUH REYLRXV JURZWK RI WKH DVWURF\WHV
7KH &RQFHSWLRQ 9HVVHO LV QRW RQO\ LQ FKDUJH RI
-RXUQDO RI 7UDGLWLRQDO &KLQHVH 0HGLFLQH    
HPEU\RQLF SUHJQDQF\ EXW DOVR FORVHO\ UHODWHG ZLWK
SK\VLRORJ\ DQG SDWKRORJ\ RI WKH EUDLQ 7KH
&RQFHSWLRQ 9HVVHO DQG WKH *RYHUQRU 9HVVHO FRQQHFW
<LQ ZLWK <DQJ EHFDXVH WKH &RQFHSWLRQ 9HVVHO LV ³WKH
VHD RI <LQ 9HVVHOV´ DQG WKH *RYHUQRU 9HVVHO LV ³WKH
VHD RI <DQJ 9HVVHOV´ ZKLFK PD\ NHHS WKH EDODQFH
EHWZHHQ <LQ DQG <DQJTL %UDLQ LV ORFDWHG LQ WKH VNXOO
DQG LWV IXQFWLRQ GHSHQGHQWV RQ QRXULVKLQJ RI WKH TL
EORRG DQG ERG\ IOXLG IURP WKH &RQFHSWLRQ 9HVVHO ,Q
FRPELQDWLRQ ZLWK WKH PRGHUQ VWXGLHV LW LV LQIHUUHG
WKDW DFXSXQFWXUH DW WKH &RQFHSWLRQ 9HVVHO PD\
SURGXFH VRPH JURZWK IDFWRUV UHODWHG ZLWK WKH
GHYHORSPHQW DQG WKHVH JURZWK IDFWRUV PD\ SURPRWH
SUROLIHUDWLRQ RI WKH QHUYH VWHP FHOOV DQG WKDW ($ DW
WKH &RQFHSWLRQ 9HVVHO PD\ SURPRWH GLIIHUHQWLDWLRQ RI
WKH SUROLIHUDWLYH QHUYH VWHP FHOOV WRZDUGV WKH
DVWURF\WHV ZKLFK LV SRVVLEO\ UHODWHG ZLWK SLP NLQDVH
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 0FND\ 5 6WHP FHOOV LQ WKH FHQWUDO QHUYRXV V\VWHP 6FLHQFH
   嘅
 .XJH < 0LQHPDWVX . <DPDJXFKL 7 HW DO 1\ORQ
PRQRILODPHQW IRU LQWUDOXPLQDO PLGGOH FHUHEUDO DUWHU\
RFFOXVLRQ LQ UDWV 6WURNH    嘅
 /RQJD (= :HLQVWHLQ 35 &DUOVRQ 6 HW DO 5HYHUVLEOH
PLGGOH FHUHEUDO DUWHU\ RFFOXVLRQ ZLWKRXW FUDQLHFWRP\ LQ
UDWV 6WURNH    嘅
 *DJH )+ 0DPPDOLDQ QHXUDO VWHP FHOOV 6FLHQFH 
  嘅
 &UDLJ &* 7URSHSH 9 0RUVKHDG &0 HW DO ,Q YLYR JURZWK
IDFWRU H[SDQVLRQ RI HQGRJHQRXV VXEHSHQG\PDO QHXUDO
SUHFXUVRU FHOO SRSXODWLRQV LQ WKH DGXOW PRXVH EUDLQ -
1HXURVFL    嘅
 *RXOG ( 5HHYHV $- *UD[LDQR 06 HW DO 1HXURJHQHVLV LQ
WKH QHRFRUWH[ RI DGXOW SULPDWHV 6FLHQFH   
嘅
 /L < &KRSS 0 7HPSRUDO SURILOH RI QHVWLQ H[SUHVVLRQ DIWHU
IRFDO FHUHEUDO LVFKHPLD LQ DGXOW UDW %UDLQ 5HV   
  嘅
 7DNDJL < 1R]DNL . 7DNDKDVKL - HW DO 3UROLIHUDWLRQ RI
QHXURQDO SUHFXVRU FHOOV LQ WKH GHQWDWH J\UXV LV DFFHOHUDWHG
DIWHU WUDQVLHQW IRUHEUDLQ LVFKHPLD LQ PLFH %UDLQ 5HV 
 
 *RXOG ( *URVV &* 1HXURJHQHVLV LQ DGXOW PDPPDOV
VRPH SURJUHVV DQG SUREOHPV - 1HXURVFL   
嘅
 0HHNHU 5% $]XPD < %UDJJ '& HW DO 0LFURJOLDO
SUROLIHUDWLRQ LQ FRUWLFDO QHXUDO FXOWXUHV H[SRVHG WR IHOLQH
LPPXQRGHILFLHQF\ YLUXV - 1HXURLPPXQRO   
嘅
 .DWR + .RJXUH . $UDNL 7 HW DO $VWURJOLDO DQG
PLFURJOLDO UHDFWLRQV LQ WKH JHUELO KLSSRFDPSXV ZLWK
LQGXFHG LVFKHPLF WROHUDQFH %UDLQ 5HV   
嘅
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 6RQJ + 6WHYHQV &) *DJH )+ $VWURJOLD LQGXFH
QHXURJHQHVLV IURP DGXOW QHXUDO VWHP FHOOV 1DWXUH 
  嘅
 0LNNHUV + 1DZLMQ 0 $OOHQ - HW DO 0LFH GHILFLHQW IRU DOO
3,0 NLQDVHV GLVSOD\ UHGXFHG ERG\ VL]H DQG LPSDLUHG
UHVSRQVHV WR KHPDWRSRLHWLF JURZWK IDFWRUV 0RO &HOO
%LRO    嘅
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